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The capabilities of visual and quantitative analysis of 
stress redistribution thallium-2ot scintigrams, exercise 
electrocardiography and exercise blood pressure re•
sponse were compared for correct identification of ex•
tensive coronary disease, defined as left main or triple 
vessel coronary artery disease, or both (50% or more 
luminal diameter coronary narrowing), in 105 consec•
utive patients with suspected coronary artery disease. 
Extensive disease was present in 56 patients and the 
remaining 49 had either less extensive coronary artery 
disease (n = 34) or normal coronary arteriograms (n = 
15). 
Although exercise blood pressure response, exercise 
electrocardiography and visual thallium-2ot analysis were 
highly specific (98, 88 and 96%, respectively), they were 
insensitive for identification of patients with extensive 
disease (14, 45 and 16%, respectively). Quantitative 
thallium-2ot analysis significantly improved the sensi•
tivity of visual thallium-201 analysis for identification of 
patients with extensive disease (from 16 to 63%, P < 
0.001) without a significant loss of specificity (96 versus 
An important goal of the noninvasive techniques currently 
used to assess patients with coronary artery disease has been 
the correct identification of those with extensive coronary 
disease. Exercise electrocardiography and thallium-20 I 
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86%, P = NS). Eighteen (64%) of the 28 patients who 
were misclassified by visual analysis as having less ex•
tensive disease were correctly classified as having exten•
sive disease by virtue of quantitative analysis of regional 
myocardial thallium-2ot washout. When the results of 
quantitative thallium-2ot analysis were combined with 
those of blood pressure and electrocardiographic re•
sponse to exercise, the sensitivity and specificity for iden•
tification of patients with extensive disease was 86 and 
76%, respectively, and the highest overall accuracy (0.82) 
was obtained. 
In conclusion, the quantitative analysis of myocardial 
thallium-2ot stress distribution and washout markedly 
increases the suboptimal sensitivity of visual thallium-
201 analysis for correct identification of patients with 
triple vessel or left main coronary disease, or both. Such 
identification is enhanced by combining the results of 
quantitative thallium-2ot analysis with those of blood 
pressure and electrocardiographic response to exercise. 
(J Am Coli CardioI1986;7:53-60) 
myocardial scintigraphy, however, lack sufficient sensitivity 
for correct identification of patients with extensive coronary 
artery disease (I-9). The low sensitivity of the conventional 
visual analysis of thallium-20 I stress redistribution scintig•
raphy for correct identification of extensive coronary artery 
disease is in part due to the limitation of spatially relative 
perfusion defect analysis to reveal all hypoperfused myo•
cardial regions in patients with multi vessel coronary disease 
(6-8). Recently, computerized techniques have been de•
scribed that quantitate the regional washout rate as well as 
stress distribution of myocardial thallium-201 (10-16). U s•
ing quantitative thallium-20 1 analysis, we have reported a 
significantly higher sensitivity for the detection of disease 
in individual coronary arteries without significant loss of 
specificity compared with visual assessment of thallium-20 1 
images (11). This improved sensitivity resulted mainly from 
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the detection of additional hypoperfused myocardial seg•
ments by the assessment of regional myocardial washout of 
thallium-201 (11,17). 
This study was undertaken: 1) to compare the value of 
quantitative analysis of perfusion defect and washout rate 
of myocardial thallium-20 I with that of visual thallium-20 I 
interpretation, stress electrocardiography and exertional hy•
potension for correct identification of patients with extensive 
coronary artery disease (defined as left main or triple vessel 
coronary disease), and 2) to determine the combinations of 
these noninvasive tests that provides optimal accuracy for 
this identification. 
Methods 
Study patients. The study group consisted of 105 con•
secutive patients who underwent coronary arteriography, 
exercise electrocardiography and stress redistribution thal•
lium-20l myocardial scintigraphy. Not included in this study 
were I) patients with a stress testing to angiography interval 
of greater than 6 months, 2) patients who underwent stress 
testing after coronary bypass surgery, and 3) seven patients 
with an inadequate stress test and nine with a nondiagnostic 
stress electrocardiogram. Exercise was considered inade•
quate if the patient achieved less than 85% of the age•
predicted maximal heart rate in the absence of angina, ex•
ercise hypotension or ischemic ST depression. The stress 
electrocardiogram was considered nondiagnostic if ST seg•
ment del'ression developed in the presence of left bundle 
branch 'block at rest, left ventricular hypertrophy or ST -T 
abnormalities due to digitalis intake. Forty-two patients had 
prior myocardial infarction by documented history or resting 
electrocardiographic criteria. There were 85 men and 20 
women ranging in age from 31 to 78 years (average 56). 
Coronary arteriography. Selective coronary arteriog•
raphy was performed within an average of 26 days of the 
time of exercise testing using the Judkins or Sones tech•
nique. Coronary cineangiograms were obtained in mUltiple 
views and were recorded on 35 mm film using a cinean•
giographic system equipped with a camera with an 80 or 
100 mm lens and an image intensifier. Arteriograms were 
interpreted by two independent observers unaware of the 
results of exercise testing. Coronary artery stenosis was 
graded according to the maximal diameter narrowing of the 
lumen. Patients were considered to have significant coronary 
artery disease if they had 50% or more luminal diameter 
coronary narrowing. Extensive disease was defined as sig•
nificant stenosis in the left main or all three major coronary 
arteries, or both. 
Exercise test protocol and data acquisition. Patients 
were exercised in 3 hour postprandial condition using a 
multistage treadmill test according to the Bruce protocol. 
Twelve lead electrocardiograms were recorded at rest, at 
the end of each 3 minute stage of exercise and at the end 
of each of the 5 minutes of recovery. In addition, leads VI, 
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Vs and aVF were recorded and lead Vs was displayed con•
tinuously on an oscilloscopic monitor before and during 
exercise and for 5 minutes of the recovery period. Blood 
pressure was obtained by cuff method at rest during the last 
minute of each stage of exercise and at peak exercise. 
Exercise was terminated only with exhaustion, devel•
opment of increasing severe angina, serious arrhythmia or 
a 10 mm Hg or more decrease in systolic blood pressure 
compared with the previous recording during stress. A dose 
of 2 mCi of thallium-201 was injected at peak exercise, and 
exercise was continued for 60 to 90 seconds after the in•
jection. After termination of exercise, multiple view myo•
cardial scintigrams were obtained at approximately 6 min•
utes and 3 to 5 hours after injection of thallium-20l. At 
each interval, imaging was performed in the anterior, 45° 
and steep left anterior oblique views for 10 minutes per 
view. Patients referred to our laboratory for exercise testing 
are routinely instructed I) not to take propranolol for 48 
hours and not to take nitrate compounds for 3 hours before 
exercise testing, and 2) to limit their activity and have only 
a small meal between stress and redistribution imaging. For 
imaging, a standard field of view camera was used, equipped 
with 37 photomultiplier tubes, 1f4 inch (0.64 cm) thick so•
dium iodide crystal and a high resolution parallel-hole col•
limator. A 25% energy window centered on the 80 ke V 
photopeak and a 15% window centered on the 167 keY 
photopeak were used. All images were stored by the com•
puter on magnetic disc in a 128 x 128 x 8 bit matrix. 
Visual scintigraphic processing. For visual scinti•
graphic interpretation, analog images were displayed on 
Polaroid film. A Polaroid camera with three lenses of vary•
ing f stops was utilized for the purpose of recording the 
image at three intensities (10). 
Computer processing. We have previously described 
(10) details of the technique for computer processing and 
quantitative analysis of thallium-201 images. Briefly, com•
puter processing consisted of the following steps: 1) Each 
image was compensated for tissue crosstalk utilizing mod•
ified bilinear interpolative background subtraction. 2) To 
improve statistical accuracy, images were then smoothed 
using a standard nine point weighted average algorithm. 3) 
Sixty radii spaced at 6° intervals were constructed from the 
center of the left ventricle. 4) Along each radius the point 
with maximal thallium-20l activity was chosen and plotted 
as number of counts versus angle. Combination of all 60 
points resulted in a circumferential profile of myocardial 
thallium-201 activity. 5) These profiles were then aligned 
by the operator such that the 90° point in each view cor•
responded to the scintigraphic apex. 6) The number of counts 
in each point was then normalized to the maximal count in 
the stress profile of each view. 7) In addition to the stress 
profile, washout rate circumferential profiles were generated 
by calculating percent washout for each point from the time 
of stress to delayed imaging. 
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The computer processing was performed using a standard 
nuclear medicine computer with 32K core memory. The 
time required for the entire computer processing averaged 
10 minutes per patient. Quantitative analysis was performed 
by a computer operator unaware of the patient's clinical or 
angiographic findings. 
Assignment of coronary territories to myocardial im•
ages. In each view, three regions were individually as•
sessed visually and quantitatively (Fig. 1). In quantitative 
analysis, the profile corresponding to the outflow tract was 
not analyzed. This was represented in each view by the arc 
from 210 to 330°. The arc from 60 to 120° was designated 
as representing the apical region in each view (11). 
For localization of anatomic disease, the distribution of 
the left anterior descending coronary artery was considered 
to be the anterolateral wall (anterior view), anteroseptal wall 
(steep left anterior oblique [LAO] view) and the interven•
tricular septum (45° LAO view). The distributions of the 
right coronary and the left circumflex arteries were consid•
ered to be represented, respectively, by the inferior wall 
(anterior and steep LAO views) and the posterolateral wall 
(45° LAO view). An apical or inferoapical abnormality was 
not used to localize disease to a specific coronary artery. 
Clinical and electrocardiographic analysis. Exercise 
hypotension indicative of extensive disease was defined as 
a 10 mm Hg or more decrease in systolic blood pressure 
compared with that of a previous stage. Stress electrocar•
diographic response was considered to represent extensive 
disease when, at 80 ms from the J point in V 5 or a VF, 
horizontal or downsloping ST segment depression of at least 
2 mm was observed which became significant (1 mm ST 
depression) within the first 6 minutes of exercise. 
Visual thallium-20l interpretation. Stress and redis•
tribution thallium-20 I scintigrams were examined for re•
gions of decreased uptake by three experienced observers 
who had no knowledge of the clinical data, stress test results 
or angiographic findings. The magnitude of uptake in each 
myocardial segment was graded by consensus using a four 
point scoring system in which 0 = normal uptake, 1 = 
slightly (equivocally) decreased uptake, 2 = moderately 
Figure 1. Myocardial regions assessed visually and quantitatively 
in each of three views and their relation to coronary blood supply. 
ANT. = anterior; INF. = inferior; LAD = left anterior descend•
ing coronary artery; LAO = left anterior oblique; LAT. = lateral; 
LCx = left circumflex coronary artery; POST. = posterior; RCA 
= right coronary artery; SEPT. = septum. 
ANTERIOR 45° LAO STEEP LAO 
~ANT' LAT. ANT. SE~T' (LAD) GJ) (LAD) SEPT. POST. LAT. (LAD) (LCx) APEX APEX 
INF. INF. 
(RCA) INF. APEX (RCA) 
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(definitely) decreased uptake and 3 severely decreased up•
take. Based on our previous work regarding optimal visual 
criteria for interpretation of thallium-201 images (18), re•
gions rated 2 or 3 were designated positive and those placed 
in the categories of 0 or 1 were considered negative. The 
scintigraphic pattern for left main coronary disease was con•
sidered present when perfusion abnormalities were present 
in combined anterolateral, septal and posterolateral left ven•
tricular regions. The triple vessel coronary artery disease 
pattern was represented by perfusion defects in the territory 
of all three major coronary arteries. 
Quantitative scintigraphic interpretation. For assess•
ment of regional abnormality, stress and washout rate cir•
cumferential profiles of all patients were automatically com•
pared with the previously established normal limits (10,11). 
The following criteria were used to define abnormalities: 1) 
stress defect, defined by any 18° segment (three contiguous 
points) of the stress profile falling below the normal limit, 
and 2) slow washout, defined by any 18° segment of the 
washout rate profile falling below the normal limit. To be 
considered abnormal, the patient needed at least two ab•
normal 18° arcs in the combined stress distribution and 
washout profiles in the three views. A given myocardial 
region was considered to be supplied by a diseased vessel 
if it had a quantitative defect, a slow washout abnormality, 
or both. With quantitative analysis of thallium-201 images, 
the scintigraphic pattern of extensive disease was defined 
in the same manner as that described for visual scintigraphic 
interpretation. 
Statistical analysis. For each test, sensitivity, specific•
ity and accuracy for diagnosing coronary artery disease (CAD) 
were determined as follows: 
and 
No. of pts. with true positive 
Sensitivity result for extensive CAD 
for extensive = -----------
CAD No. of all pts. with 
extensive CAD by angiography 
No. of pts. with true positive 
Sensitivity result for overall CAD 
for overall = ----------
CAD No. of all pts. 
with CAD by angiography 
No. of pts. with true negative 
Specificity result for extensive CAD 
for extensive = -----------
CAD No. of all pts. without 
Accuracy 
for extensive = 
CAD 
extensive CAD by angiography 
True positive + true negative 
results for extensive CAD 
No. of all patients 
McNemar's test was utilized to assess the significance 
of the difference among the sensitivity, specificity and ac•
curacy of the quantitative thallium analysis, visual thallium 
interpretation, exercise blood pressure response and stress 
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Table 1. Overall Detection of Coronary Artery Disease in the 
56 Patients With Left Main or Triple Vessel Disease, or Both 
Te~t 
Exercise electrocardiography 
Vi,ual analysis of stress redistribution 
thallium-20 I scintigrams 
Quantitative analysis of stress redistribution 
thalhum-201 scintigrams 
Visual thalhum-201 analysis plus exercise 
electrocardiography 
QuantItative thallium-201 analysis plus 
exercise electrocardiography 
Sen~itivity for Overall 
Coronary Artery Di~ea~e 
50 (89%) 
53 (95%) 
55 (98%) 
55 (98%) 
56 (100%) 
electrocardiography in regard to overall detection of coro•
nary disease and identification of extensive coronary artery 
disease patients. Probability (p) values of less than 0.05 
were considered significant. 
Results 
Angiography. Fifty-six patients demonstrated extensive 
angiographic coronary artery disease (Group I), including 
13 with left main disease and 43 without left main but with 
triple vessel disease. Of the 13 with left main coronary 
disease, 9 had additional triple vessel disease and 3 had 
disease in two other coronary arteries. Only one patient had 
isolated left main disease. Less extensive coronary artery 
disease was present in 49 patients (Group lI), including 15 
patients with normal coronary arteriograms and 16 with 
single vessel and 18 with double vessel disease. 
Sensitivity for overall detection of coronary artery 
disease in patients with extensive coronary artery dis•
ease. Of 56 patients in Group I, 50 demonstrated at least 
CORONARY 
ANGIOGRAPHY 
EX BP 
EX ECG 
VIS T/-201 
QUANT TI-201 
VIS TI-201 
+ EX BP + EX ECG 
QUANT T/-20 1 
+ EX BP + EX ECG 
14% 
45% 
16% 
63% 
61% 
86% 
SENSITIVITY 
EXTENSIVE 
CAD 
NON EXTENSIVE 
CAD 
I mm ST segment depression during exercise or recovery, 
leading to 89% sensitivity for overall detection of coronary 
artery disease in this subset of patients with extensive coro•
nary artery disease (Table I). Visual and quantitative thal•
lium-20l analysis showed at least one segment with per•
fusion abnormality in 53 (95%) and 55 (98%) of the 56 
patients in Group I, respectively. Visual analysis of thal•
lium-201 scintigrams or exercise electrocardiogram was 
positive in 55 (98%) of the 56 patients. Of note, when 
quantitative thallium-201 analysis was used in conjunction 
with exercise electrocardiography, all 56 patients in Group 
I were detected as having coronary artery disease. 
Correct identification of patients with extensive coro•
nary artery disease. I} Using individual test methods (Fig. 
2). Of 56 patients in Group I, 8 had exercise hypotension 
and 25 developed the stress electrocardiographic pattern of 
extensive coronary artery disease leading to sensitivities of 
14 and 45%, respectively. With thallium-201 scintigraphy, 
visual interpretation correctly identified 9 and quantitative 
analysis 35 of these 56 patients, resulting in sensitivity val•
ues of 16 and 63%, respectively. The sensitivity of the 
quantitative method was significantly higher (p < 0.001) 
than that of visual thallium-201 interpretation or exercise 
hypotension. 
In the 49 patients in Group ll, absence of extensive 
angiographic disease was correctly identified (specificity) in 
48 (98%) by stress blood pressure response, in 43 (88%) 
by stress electrocardiogram, in 47 (96%) by visual thallium-
201 analysis and in 42 (86%) by quantitative thallium-20l 
interpretation. These specificities were not significantly dif•
ferent from one another. 
The overall accuracy of individual test methods was as 
98% 
88% 
96% 
86% 
84% 
76% 
SPECIFICITY 
Figure 2. Comparative sensitivity and specificity 
of exercise (EX.), blood pressure (BP) response, 
exercise electrocardiography (ECG), stress redis•
tribution thallium-201 (Tl-20l) scintigraphy by vi•
sual (VIS.) and quantitative (QUANT.) analysis 
individually and in combination for correct 
identificatIOn of patients with extensive angio•
graphic coronary artery disease. Exercise blood 
pressure response. exercise electrocardiography and 
visual thallium-20l analysis had high specificity but 
low sensitivity. Quantitative thallium-201 analysis 
markedly improved the sensttivity of visual thal•
hum-20l for correct identification of patients with 
extensive coronary artery disease without signifi•
cant loss of specificity. The sensitivity of visual and 
quantitative thalhum-201 was significantly en•
hanced when they were combined with exercise 
blood pressure and exercise electrocardiography re•
sponse with insignificant loss of specificity. * = 
p:S 0.001 versus visual TI-201 and exercise blood 
pressure response; ** = p:s 0.001 versus all oth•
ers; *** = p < 0.01 versus visual TI-201, exercise 
blood pressure response. 
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follows: 53% for stress blood pressure response, 65% for 
stress electrocardiogram, 53% for visual thallium-20l anal•
ysis and 73% for quantitative thallium-20l analysis. 
2) Using a combined test approach (Fig. 2). An exten•
sive coronary artery disease pattern on stress electrocardio•
gram, visually interpreted thallium-20l scintigram or blood 
pressure response, alone or in combination, was present in 
34 of 56 patients in Group I (sensitivity 61%) and 9 of 49 
patiellts in Group II (specificity 84%), with an overall ac•
curacy of 71 %. An extensive coronary artery disease pattern 
by stress electrocardiogram, quantitatively interpreted thal•
lium-201 scintigrams or blood pressure response was present 
in 48 of 56 patients in Group I (sensitivity 86%) and 12 of 
49 patients in Group II (specificity 76%), with an overall 
accuracy of 81 %. This combination offered higher overall 
accuracy for identification of patients with extensive disease 
than any of the other combined or individual test methods. 
Furthermore, this combined testing had a significantly higher 
(p = 0.(01) sensitivity for identification of patients with 
extensive coronary artery disease than quantitative thallium-
201 analysis alone as well as the combination of visual 
thallium-201 analysis plus stress electrocardiogram plus stress 
blood pressure response, with no significant loss of speci•
ficity (p < 0.05). 
Mechanisms responsible for improved sensitivity for 
correct identification of patients with extensive coronary 
artery disease by quantitative analysis of thallium-20t 
images (Table 2). To investigate what feature of quanti•
tative analysis of thallium-201 images helped correctly iden•
tify additional patients with extensive coronary artery dis•
ease, the contributions of different quantitative criteria to 
the detection of additional ischemic myocardial regions were 
analyzed in 28 patients (10 with and 18 without prior in•
farction) who were incorrectly designated as having nonex•
tensive coronary artery disease by visual analysis but were 
correctly identified as having extensive coronary artery dis•
ease by the quantitative method. By the quantitative stress 
defect criterion alone, 10 additional patients (7 with and 3 
without prior myocardial infarction) were correctly identi•
fied (36% of the patients misclassified by visual analysis). 
Of note, additional analysis of percent washout of thallium-
Table 2. Mechanisms Responsible for Improved Sensitivity for 
Correct Identification of Patients With Extensive Coronary 
Artery Disease by Quantitative Analysis of Thallium-20l 
Images in Patients With and Without Prior Myocardial 
Infarction (M!) 
Previous MI 
(n = 10) 
No previous MI 
(n = 18) 
Quantitative 
Defect 
7 (70%) 
3 (17%) 
Quantitative Slow 
Percent Washout 
3 (30%) 
15 (83%) 
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Table 3. Sensitivity for Correct Identification of the 13 Patients 
With Left Main Coronary Artery Disease 
Test 
Exercise blood pressure response 
Exercise electrocardiography 
Visual analysis of stress redistribution 
thallium-201 scintigrams 
Quantitative analysis of stress redistribution 
thallium-201 scintigrams 
Visual thallium-20l analysis plus exercise 
blood pressure response plus exercise 
electrocardiography 
Quantitative thallium-20l analysis plus 
exercise blood pressure response plus 
exercise electrocardiography 
Sensitivity 
4 (30%) 
6 (46%) 
2 (15%) 
10 (77%) 
10 (77%) 
13 (100%) 
201 led to correct identification of the remaining 18 (64%) 
of the 28 misclassified patients with extensive coronary ar•
tery disease, of whom 3 had and 15 did not have prior 
myocardial infarction. The primary mechanism responsible 
for correct identification of patients with extensive coronary 
disease in the 18 patients without prior myocardial infarction 
was slow percent washout of thallium-201 (15 patients, 
83 %) and in the 10 patients with prior myocardial infarction 
it was a quantitatively detected thallium-201 defect (7 pa•
tients, 70%). 
Correct identification of the subgroup of patients with 
left main coronary artery disease by different testing 
approaches (Table 3). The sensitivities of the individual 
and combined test results were compared for the correct 
identification of 13 patients with left main coronary artery 
disease. Left main disease was correctly identified in 4 (30%) 
using exertional hypotension criterion, in 6 (46%) by stress 
electrocardiography, in 2 (15%) by visual thallium-201 anal•
ysis and in 10 (77%) by quantitative thallium-201 interpre•
tation. When stress electrocardiogram, visual thallium-20l 
analysis and blood pressure response test results were used 
together, 10 (77%) of the 13 patients were correctly iden•
tified. Importantly, all 13 patients demonstrated a markedly 
positive stress electrocardiogram or an extensive coronary 
artery disease quantitative thallium-201 pattern or abnormal 
blood pressure response (sensitivity 100%), alone or in 
combination. 
Scintigraphic pattern of the left main and triple vessel 
disease. Of 13 patients with left main disease, the scinti•
graphic left main pattern (anterolateral plus septal plus pos•
terolateral defects) was present in 10 (77%) and the re•
maining 3 patients showed the triple vessel disease pattern 
(anterolateral or septal or anteroseptal plus posterolateral 
plus inferior defects). Of note, of 35 patients with triple 
vessel disease and a quantitative thallium-20l study positive 
for extensive coronary artery disease, 17 (49%) showed the 
left main scintigraphic pattern and the remaining 18 (51 % ) 
showed the pattern of triple vessel disease. Thus, the quan-
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titative thallium-201 analysis was highly sensitive for iden•
tifying left main coronary artery disease in 40 patients ( 100% ), 
but it did not effectively separate patients with left main 
disease from those with triple vessel coronary artery disease. 
Analysis of false negative and false positive quanti•
tative thallium-201 cases. A total of 21 of 59 patients with 
extensive coronary artery disease were misclassified as hav•
ing less extensive disease by quantitative analysis of thal•
lium-20l images. In 10 (48%), involvement of the left cir•
cumflex coronary artery territory was missed and in 3 (14%), 
disease of the left anterior descending coronary artery ter•
ritory was not detected. In the remaining 8 (38%), two or 
three diseased vessel territories were missed quantitatively. 
Seven of 49 patients with a nonextensive angiographic 
pattern demonstrated a quantitative thallium-201 pattern in•
dicative of extensive coronary artery disease. Three of the 
seven had disease of a dominant right coronary artery in 
association with disease of a major branch of the len coro•
nary artery. Two patients had 25% stenosis of the left main 
artery, in one associated with severe left anterior descending 
and right coronary stenosis and in the other with severe left 
circumflex coronary artery disease. The remaining two pa•
tients had significant disease of one or both major branches 
of their dominant left coronary artery. 
Case illustration. Figure 3 demonstrates the stress re•
distribution thallium-201 images and the result of quanti•
tative image analysis of a 62 year old man who was referred 
for evaluation of chest pain and subsequently underwent 
coronary arteriography. Because he exercised for 9 minutes 
to a peak heart rate of 142 beats/min. increased his blood 
pressure from 145170 to 180/80 mm Hg, developed only I 
mm ST segment depression at peak exercise and visual 
analysis of thallium-20 I images indicated reversible anter•
olateral and septal perfusion defects, single vessel left an•
terior descending coronary disease was sllspected. Quanti•
tative analysis of the thallium-20l images, however, suggested 
triple vessei coronary artery disease because. in addition to 
perfusion defects of the anterolateral and septal regions, 
percent washout of thalIium-20 1 was abnormally slow from 
myocardial regions corresponding to the distribution of the 
left circumflex and right coronary arteries (distal postero•
lateral and inferior walls). Presence of triple vessel coronary 
disease was confirmed at angiography. 
Discussion 
Our findings demonstrate that virtually all patients with 
triple vessel or left main coronary artery disease, or both 
(our definition of extensive coronary artery disease), man•
ifest at least I mm ST segment depression during exercise 
or reveal an abnormality on the thallium-201 scintigrams 
visually or quantitatively. In fact, all 56 of our patients with 
extensive coronary artery disease demonstrated either an 
Quantitative 
Analysis 
ANTERIOR 
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45° LAO STEEP LAO 
Figure 3. Multiple view stress redistribution thallium-20l images 
(top two panels) and the result of quantitative analysis (bottom 
panel) in a patient with angiographically documented triple vessel 
coronary artery disease. The images show reversible anterolateral 
and septal perfusion defects and reverse redistribution of thallium-
201 in the apex. The results of quantitative analysis are shown for 
each view as concentric ellipses. The inner ellipse is for reference; 
the middle ellipse, when broken, indicates presence of a stress 
perfusion defect; and the outer ellipse, when broken, indicates 
presence of an abnormally slow thallium-20l washout rate. Var•
ious myocardial regions are separated by lines crossing the three 
ellipses. Quantitative analysis of the Images suggested triple vessel 
coronary disease because not only were stress defects noted in the 
anterolateral and septal regions, but the washout rate of thallium-
201 was abnormally slow from the posterolateral and inferior walls 
as well as the anterolateral and septal regions. 
abnormal quantitative thallium-20l result or an abnormal 
ST segment response to exercise. Of all these patients de•
tected as having coronary disease, however, only a small 
proportion was correctly classified as having triple vessel 
or left main disease when the results of exercise blood pres•
sure response, stress electrocardiography or visual thallium-
201 analysis were considered. These findings are consistent 
with those of other investigators 0-9), who demonstrated 
a relatively low sensitivity but a high specificity of these 
testing methods for correct identification of patients with 
left main or triple vessel disease. 
Visual thailipm-201 analysis for assessment of exten•
sive coronary artery disease. As previously reported 
(6-8,11), visual analysis of stress redistribution thallium-
20 I myocardial scintigrams fails to detect all myocardial 
regions subtended by diseased coronary arteries and there•
fore results in frequent underestimation of the extent of 
disease. especially in patients with muItivessel coronary 
involvement. In this study of 56 patients with triple vessel 
or left main disease, or both, only 9 (16%) showed visual 
abnormalities in the distribution of all three diseased coro•
nary arteries. This finding is in agreement with that of Rehn 
et al. (19), who reported correct identification of triple vessel 
disease in only 3 (18%) of 16 patients. This limitation of 
visual analysis of thallium-201 myocardial scintigrams has 
been attributed to several factors, one of which relates to 
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the spatially relative nature of stress perfusion defect anal•
ysis (performed either visually or quantitatively). A hypo•
perfused region with lower absolute thallium-201 concen•
tration may appear normal compared with a more 
hypoperfused region with lower thallium-201 uptake. 
We have previously demonstrated (10) that regional myo•
cardial washout of thallium-201 can be quantitated and that 
the use of such a spatially nonrelative indicator of regional 
myocardial hypoperfusion demonstrates abnormality in hy•
poperfused regions that are missed by perfusion defect anal•
ysis alone (11,17). These findings led us to examine spe•
cifically the ability of quantitative analysis of initial distribution 
and percent washout of thallium-201 for correct identifi•
cation of patients with left main or triple vessel coronary 
artery disease. 
Quantitative thallium-201 analysis for assessment of 
extensive coronary artery disease. The use of the quan•
titative approach in this study led to a markedly improved 
correct classification of patients with left main or triple 
vessel disease without significant loss of specificity when 
compared with visual thallium-201 analysis. This finding is 
similar to that of Nygaard et al. (20), who used a different 
approach to the analysis of regional myocardial washout 
rate of thallium-201. Detailed analysis of the 28 patiepts 
who were correctly identified by the quantitative approach 
demonstrated that both patients with and those without prior 
myocardial infarction benefited from the quantitative anal•
ysis and further demonstrated that in 64% of cases (the 
majority of whom were patients without prior myocardial 
infarction) regional myocardial percent washout analysis 
was responsible for such improvement. Additional contri•
bution by quantitative perfusion defect analysis in the re•
maining 36% of patients may be due to interpolative back•
ground subtraction used in the quantitative technique that 
may enhance the differences between hypoperfused and nor•
mal myocardial regions. Because it is possible that termi•
nation of exercise tests at less than 85% of predicted max•
imal heart rate in the absence of clinical and 
electrocardiographic evidence of exercise ischemia may re•
sult in a higher incidence of false positive regional slow 
washout (21), we did not include seven such patients in this 
study. Of the 56 patients with left main or triple vessel 
coronary artery disease, or both, 35 achieved 85% or greater 
of their predicted maximal heart rate. The remaining 21 
patients achieved less than 85% of their age-predicted max•
imal heart rate but developed ST segment depression (n = 
6), chest pain (n = 3), or both (n = 12), and were therefore 
included in this study because they were considered to have 
achieved an adequate level of stress. 
Optimal test criteria for correct identification of ex•
tensive disease. For correct identification of extensive 
coronary disease, the use of a criterion that combined the 
results of exercise blood pressure response, stress electro•
cardiography and thallium-20l scintigraphy further im-
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proved the correct classification of such patients in our study. 
The overall accuracy of the combination testing approach 
was the highest (82%) with the use of quantitative thallium-
20 I analysis along with blood pressure and electrocardio•
graphic response to exercise. This improved accuracy in•
dicated that the gain in sensitivity was far greater than the 
minor loss in specificity. In an approach designed to identify 
patients with extensive coronary artery disease, this minor 
loss of specificity may not be of great clinical importance 
because the patients in whom the extent of disease was 
overestimated usually had substantial coronary disease. Of 
the 12 patients who did not have triple vessel or left main 
disease, or both, and were identified as such by combined 
testing, 11 had significant coronary artery disease, 8 of 
whom had involvement of two vessels. It is likely that the 
increasing role of quantitative thallium-201 analysis as a 
screening test for the identification of patients with extensive 
coronary artery disease would introduce a selection bias for 
referring patients to coronary arteriography that might de•
crease the specificity of quantitative thallium-201 analysis 
for this application (22). 
Identification of left main coronary disease. The find•
ings of this study in the subgroup with left main coronary 
disease show that quantitative analysis ofthallium-201 stud•
ies alone identified 77% of patients and the combined ap•
proach of quantitative thallium-201 analysis, exercise blood 
pressure response and stress electrocardiography yielded a 
sensitivity of 100%. that is. all 13 patients with left main 
coronary artery disease were identified as having extensive 
disease by combined noninvasive testing. The potential of 
the proposed testing approach to identify patients with left 
main disease is promising because it suggests that this high 
risk angiographic subset might be screened by the combined 
quantitative thallium-201 analysis and electrocardiographic 
and blood pressure response to exercise. These preliminary 
findings need to be further evaluated in a larger group of 
patients with left main coronary artery disease. The scin•
tigraphic pattern of left main coronary disease (anterolateral 
plus septal plus posterolateral defects) was present in 77% 
of patients with left main disease on angiography. The left 
main scintigraphic pattern, however, was also present in 
49% of patients without left main disease but with triple 
vessel disease on angiography. Of the 49 patients with less 
extensive coronary artery disease, none demonstrated this 
pattern. Therefore, although not specific for left main coro•
nary artery disease, the pattern was highly specific for ex•
tensive disease. 
Using the combined perfusion defect and regional wash•
out analysis, quantitative thallium-201 method still mis•
classified 21 of 43 patients with triple vessel disease as 
having less extensive disease, mainly because of not dem•
onstrating any abnormality in the diseased left circumflex 
coronary artery territory. This known limitation of thallium-
20 I scintigraphy for detection of disease in the distribution 
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of the left circumflex coronary artery either by visual anal•
ysis (6-8,11) or quantitative analysis (11) of three view 
planar images had been attributed in part to the fact that 
among all three imaging views, left circumflex coronary 
artery distribution is the least represented one (only poster•
olateral wall of the 45° LAO view). Application of both 
perfusion defect and regional washout analysis to tomo•
graphic thallium-20l images may improve such a limitation 
(23,24). 
In this and several other studies (6-9,20,21) that evaluate 
the ability of thallium-20l myocardial scintigraphy to iden•
tify extensive coronary artery disease patients, the presence 
of a thallium-20l perfusion abnormality in various vascular 
territories has been compared with findings of contrast ar•
teriography. The ultimate goal of this testing. however, is 
identification of patients at high risk for future cardiac events. 
Because quantitative analysis of stress redistribution thal•
lium-20l images has the potential for quantitating the per•
centage of myocardium at risk, it is possible that this index 
will correlate better with future coronary events than with 
the coronary arteriographic findings. This aspect of quan•
titative thallium-20l analysis is currently under evaluation 
at our institution. 
References 
I. Cheitlin MD, Davia JE, de Castro CM, Barrow EA, Anderson WT. 
Correlation of "critical" left coronary artery lesions with positive 
submaximal exercise tests in patients with chest pam. Am Heart J 
1975;89:305-9. 
2. Goldschlager N, Selzer A. Cohn K. Treadmill stress tests as indicators 
of presence and severity of coronary artery disease. Ann Intern Med 
1976;85:277-85. 
3. McNeer JF, Margolis JR, Lee KL, et aI. The role of the exercise test 
in the evaluation of patients for ischemic heart disease. Circulation 
1978;57:64-70. 
4. Weiner DA, McCabe CH, Ryan T1. Identification of patients with left 
main and three vessel coronary disease with chnical and exercise test 
variables. Am J Cardiol 1980;46:21-6. 
5. Epstein SE, Kent KM, Goldstein RE, Borer JS, Rosing DR. Strategy 
for evaluation and surgical treatment of the asymptomatic or mildly 
symptomatic patient with coronary artery disease. Am J Cardiol 
1979:43:1015-23. 
6. Dash H, Massie BM, Botvinick EH, Brundage BH. The noninvasive 
identification of left main and three-vessel coronary artery disease by 
myocardial stress perfusion scintigraphy and treadmill exercise electro•
cardiography. Circulation 1979;60:276-83. 
7. McKillop JH, Murray RH, Turner JG, Bessent RG, Lorimer AR, 
Greig WR. Can the extent of coronary artery disease be predicted 
from thallium-201 myocardial images? J Nucl Med 1979;20:715-9. 
8. Rigo P, Bailey IK, Griffith LSC, et al. Value and limitations of 
segmental analysis of stress thallium myocardial imaging for local•
ization of coronary artery disease. Circulation 1980;61 :973-81. 
JACC Vol 7. No 1 
January 1986.53-60 
9. Patterson RE, Horowitz SF, Eng C, et al. Can nonmvasive exercise 
test criteria identify patients with left main or 3-vessel coronary dIsease 
after a first myocardial infarction? Am J Cardiol 1983;51:361-72. 
10. Garcia E, Maddahi J, Berman D. Waxman A. Space-time quantitation 
ofthallium-201 myocardial scintigraphy. J Nucl Med 1981;22:309-17. 
II. Maddahi I. Garcia E, Berman D, Waxman A, Swan HIC. Forrester 
J. Improved noninvasive assessment of coronary artery disease by 
quantitative analysis of regional stress myocardial distribution and 
washout of thaIlium-201. Circulation 1981 ;64:924-34. 
12. Watson DD, Campbell NP, Read EK, Gibson RS. Teates CD. Beller 
GA. Spatial and temporal quantitation of plane thallium myocardial 
images. J Nucl Med 1981;22:557-85. 
13. Berger BC, Watson DD, Taylor GJ, et al. Quantitative thallium-201 
exercise scintigraphy for detection of coronary artery disease. I Nucl 
Med 1981;22:585-93. 
14. Lim YL, Okada RD, Chesler DA, Block PC, Boucher CA, Pohost 
GM. A new approach to quantitative exercise thallium-201 scintig•
raphy before and after intervention: application to define the impact 
of coronary angioplasty on regional myocardial perfusion. Am Heart 
J 1984;108:917-25. 
15. Okada RD, Lim YL, Boucher CA, Pohost GM, Chesler DA, Block 
PC. Clinical, angiographic, hemodynamic, perfusional, and functional 
changes after one-vessel left anterior descending coronary angioplasty. 
Am J Cardiol 1985;55:347-56. 
16. Wackers FJTh, Fetterman RC, Mattera JA, Clements JP. Quantitative 
planar thallium-201 stress scintigraphy: a critical evaluation of the 
method. Semin Nucl Med 1985;15:46-66. 
17. Abdulla A, Maddahl I, Garcia E, Rozanski A, Swan HJC, Berman 
D. Slow regional clearance of myocardIal thaIlium-201 in the absence 
of perfusion defect: its contribution to detection of individual coronary 
artery stenoses and mechanism for its occurrence. Circulation 
1985;71:72-9. 
18. Becerra A, Maddahi I, Steuer M, Rozanski A, Waxman A, Berman 
D. The effect of severity of stress defect on accuracy of thallium-201 
scintigraphy for detection of coronary artery disease. Clin Nucl Med 
1982;7(9S):49. 
19. Rehn T, Griffith LSC, Achuff SC, et al. Exercise thallium-201 myo•
cardial imaging in left main coronary artery disease: sensitive but not 
specific. Am J Cardiol 1981;48:217-22. 
20. Nygaard TW, Gibson RS, Ryan JM, Gascho JA, Watson DD, Beller 
GA. Prevalence of high-risk thallium-201 scintigraphic findings in left 
main coronary artery stenosis: comparison with patients with multiple•
and single-vessel coronary artery disease. Am J Cardiol 1984;53:462-9. 
21. Maddahi J, Don Michael TA, Becerra A, et al. What is the effect of 
submaximal exercise heart rate on the results of quantitative thaIlium-
201 stress testing? (abstr). Clin Nucl Med 1985;10:11. 
22. Rozanski A, Diamond GA, Berman D, Forrester JS, Morris D, Swan 
HJe. The declining specificity of exercise radionuclide ventriculog•
raphy. N Engl J Med 1983;309:518-22. 
23. Bateman T, Garcia E, Maddahi J, et al. Climcal evaluation of seven•
pinhole tomography for the detection and localization of coronary 
artery disease: comparison with planar imaging using quantitative anal•
YSIS of myocardial thalIium-201 distribution and washout after exer•
ercise. Am Heart J 1983;106:263-71. 
24. Massie BM, Wisneski lA, Hollenberg M, Gertz EW, Henderson S. 
Quantitative analysis of seven-pinhole tomographic thalIium-201 scin•
tigrams: improved sensitivity and estimation of the extent of coronary 
involvement by evaluation of radiotracer uptake and clearance. JAm 
Coli Cardiol 1984;3: II 78-86. 
